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Abstract. Previous studies have shown that it is possible to evaluate heart graft rejection
level using a bioimpedance technique by means of an intracavitary catheter. However, this
technique does not present relevant advantages compared to the gold standard for the detection
of a heart rejection, which is the biopsy of the endomyocardial tissue. We propose to use a
less invasive technique that consists in the use of a transoesophageal catheter and two standard
ECG electrodes on the thorax. The aim of this work is to evaluate different parameters affecting
the impedance measurement, including: sensitivity to electrical conductivity and permittivity
of different organs in the thorax, lung edema and pleural water. From these results, we deduce
the best estimator for cardiac rejection detection, and we obtain the tools to identify possible
cases of false positive of heart rejection due to other factors. To achieve these objectives we have
created a thoracic model and we have simulated, with a FEM program, different situations at
the frequencies of 13, 30, 100, 300 and 1000 kHz. Our simulation demonstrates that the phase,
at 100 and 300 kHz, has the higher sensitivity to changes in the electrical parameters of the
heart muscle.
1. Introduction
Organ rejection may cause edema, leucocytary infiltration, inflammation, ischemia and, in some
cases, fibrosis or cell necrosis. That is why there are changes in the electrical properties of the
myocardial tissues after transplanted heart rejection and for this reason electrical impedance
measurement can be used to detect cases of heart rejection. In fact, previous studies [1][2][3][4]
have shown that it is possible to evaluate heart graft rejection level using a bioimpedance
technique by means of intramural electrodes or using an intracavitary catheter.
However, this last technique medical approach does not have important advantages compared
to biopsy, because in both cases the patient has to be measured in a catheterization room under
fluoroscopic guidance. Moreover, the cost of the percutaneous catheter is comparable to the
catheter used for biopsies. For this reason, we propose to use a less invasive technique that
consists in the use of a transoesophageal catheter and two standard ECG electrodes on the
thorax.
The aim of this work is to evaluate, using Finite Element Method, several parameters affecting
the impedance measurement, including: sensitivity to electrical conductivity and permittivity
of different organs in the thorax, changes in module and phase due to a lesion producing a scar,
a global ischemia of the heart and pleural effusion in the lungs. From these results we deduce
the best estimator for cardiac rejection detection and we obtain the tools to identify possible
cases of false positive of heart rejection due to other factors.
2. Methods
In order to create the model (fig. 1), we used computer assisted tomography (CT) and magnetic
resonance (MR) images of the trunk from [6]. Conductivity and permittivity values are taken
from [5]. We developed an assembly of a thorax model, consisting on a combination of parts that
are: thoracic muscles, subcutaneous fat, ribs and sternum, heart, lungs, blood inside the heart,
spinal column, aorta, superior cava vein and, finally, surface electrodes. We choosed not to detail
further the created model for two reasons: 1) the large differences in electrical conductivity and
permittivity data for different tissues published in various studies, that will be a major source of
error and 2) the design with SolidWorks must be simple in order to allow Comsol Multiphysics
to import it and produce a Finite Element (FE) mesh with a limited number of elements.
Figure 1. Design of a human thorax developed with SolidWorks.
3. Simulation results
3.1. Impedance changes in presence of ischemia or necrosis (scar) of heart tissues
The aim of this study is to verify the maximum expected changes in transoesophageal
bioimpedance measurement considering the extreme cases of a global acute ischemia and a
global scar of the cardiac tissue.
Our simulation demonstrates (fig. 2) that, comparing a transoesophageal measurement with
normal values of electrical conductivity and permittivity with those in presence of a global
cardiac ischemia, the maximum change in the module will be at a frequency of 13 kHz (0.82 Ω),
while the phase will change more at a frequency of 100 kHz (−0.81o).
Whereas, in presence of a global scar in the cardiac muscle, the maximum change of the
module (−2.15 Ω) will be at a frequency of 13 kHz, while the phase will vary more at a frequency
of 300 kHz (1.34o).
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Figure 2. Simulation of the electrical impedance variation due to a change in the electrical
parameters of the heart.
3.2. Sensitivity to conductivity and permittivity changes of thoracic tissues
In figure 3 there are summarized the values of the relative sensitivity of the module (Sr =
δ|Z|/|Zσ0|
δσ/σ0
× 100) and the variation of the phase, to an increase in the electrical conductivity and
to a decrease in the electrical permittivity of 10% respectively, considering all the tissues in our
model.
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Figure 3. Summary of the simulation of the percentage relative sensitivity of the module to an
increase in the electrical conductivity of 10%, in the different tissues.
The left graph in figure 3 shows that the tissues causing the biggest change in the module,
are, in order, lungs (mainly the left one), heart and blood; while the module and the phase are
less sensitive (Sr < 4% at all frequencies) to a change in the conductivity of subcutaneous fat,
right lung and bones.
The right graph shows that at 100 kHz and 300 kHz we are more sensitive to a change of the
relative permittivity of the heart, in the phase, if compared to the same percentage change in
other tissues.
In figure 4, we can see the graphs of electrical impedance (module and phase), with inflated
and deflated lungs, as well as in presence of a left and right pleural effusion.
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Figure 4. Simulation of the electrical impedance variation due to a change in the electrical
parameters of the lungs.
4. Conclusions
Electrical impedance is more sensitive to a change in the electrical conductivity of lungs
compared to other tissues, as happens, for example, during normal respiration. For this reason we
propose to carry out a transoesophageal bioimpedance measurement during several respiratory
cicles, with the purpose to reduce the effect due to respiration.
Moreover our simulation demonstrates that the phase, at the frequency of 100 and 300 kHz,
varies more due to a percentage change in the electrical parameters of the heart muscle, if
compared with the same percentage changes in other tissues.
Besides, from results not shown in this work, the phase is less influenced than the module to
a displacement of the catheter position inside the oesophagus, as highlighted both from human
measurement and FEM simulations (about 0.8 Ω/cm for the module while the phase change is
almost comparable to the noise of the measurement device, less than 0.1 degrees).
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